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= ae SUMMARY 


2 The level scheme of W'*? proposed by Murray et al. and refined by Alaga et al. is in its essential 
_ features confirmed by means of coincidence experiments. Gamma ray intensities differing some- 
_ what from these by Murray e al. are also obtained. 
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“ I. Introduction 


* The radioactive isotope Ta!** which has a half-life of 111 days [1] decays by nega- 
tive electron emission to W182. The energies of the gamma rays following this beta 
decay have been accurately measured by Murray et al. [2] by means of a curved 
_erystal spectrometer. Using spectroscopic combination methods these authors have 
also been able to propose a level scheme for the daughter nucleus W182. In a recent 
paper by Alaga ef al. [3] a classification of the energy levels of W1* into different 
rotational bands has been made according to the unified nuclear model. Cf. Fig. 1. 
It may be of some interest to lend further support to the level scheme of W182 by 
‘means of coincidence experiments. Some experiments of this kind have been made 
_by Mihelich [4]. In the present paper we shall report a more complete coincidence 
investigation of the decay of Ta’. 

In our investigation we have used a coincidence scintillation spectrometer built by 
Johansson and Almquist [5]. In this apparatus there are two scintillation spectro- 
meters (each one consisting of a crystal, a photomultiplier and an amplifier) which 
‘are connected to a coincidence circuit with a resolution ~0.2 ys, the output pulses of 
which are used to intensify the sweep of an oscillograph. Furthermore, one of the 
spectrometers is connected to a single channel analyzer the output pulses of which 
trigger the sweep of the oscillograph, and the other spectrometer is connected to a 
pulse shaper from which the pulses are fed to the Y-plates of the oscillograph. By 


1 The two crystals in the coincidence spectrometer are placed at a distance of a few centimeters 
from each other. The gamma quanta which arise from Compton processes in any one of the crystals 
are hindered to enter the other crystal by means of a lead plate placed between the crystals. 
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Fig. 1. The level scheme of W!*? according to Alaga et al. [3]. The relative intensities of the gamma 

rays are indicated by the weights of the lines. For the strongly converted gamma rays of the 

energies 85 keV, 100 keV and 114 keV these weights do not indicate the corresponding total 
transition rates. 
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photographing the screen of the oscillograph one records those pulses which arise 
from gamma rays in coincidence with the radiation which gives rise to those pulses 
that are selected by the above mentioned single channel analyzer. 

The density of the spectrum on the photographic film was measured with a micro- 
photometer, and the photometer trace obtained in this way was converted into rela- 
tive intensity (i.e., relative number of pulses) by means of the characteristic curve 
for the photographic film. This curve was obtained by photographing different 
numbers of sweeps on the screen of the oscillograph, when the intensifying coincidence 
circuit and the sweep of the oscillograph were triggered by a pulse generator of known 
frequency. To simulate the fairly broad distribution of pulses corresponding to a 
gamma ray, an AC voltage of suitable amplitude was simultaneously imposed on the 
Y-plates. The frequency of this AC voltage was chosen in such a‘way that the different 
sweeps overlap at random. Exposures were made with different frequences of the 
pulse generator and with different exposure times. When the photographic densities 
of these films had been measured with the micro-photometer, the characteristic curve 
for the film could be obtained. 

The radioactive tantalum material was obtained from Harwell, where it had been 
produced by the reaction Ta18!(n, y)Ta82. According to the manufacturers it con- 
tained no other radioactive isotopes but Ta!8?. A solution of radioactive tantalum 
fluoride was obtained by dissolving a small piece of the irradiated tantalum metal 
in hydrofluoric acid. Radioactive sources were then prepared by allowing this solu- 
tion to crystallize either on a small piece of perspex (to be used for the singles gamma 
spectrum and for the gamma-gamma coincidence spectra) or on a thin sheet of nylon 
of the same size as the crystals (to be used for the beta-gamma coincidence spectrum). 
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II. The singles gamma spectrum 


a The radioactive decay of Ta*® is accompanied by gamma rays arising from the de- 
excitation of the daughter nucleus W18?. When these gamma rays are present in their 
natural abundances, they give rise to a spectrum which will be referred to as a singles 
gamma spectrum. A spectrum of this kind is shown in Fig. 2. It has been obtained 
_by means of a simple scintillation spectrometer consisting of a NalI(T!) crystal (3” 
thick and 13” diameter), a photomultiplier, an amplifier and a single channel 
analyzer in which the width of the channel was chosen as small as was practically 
possible. The photo-peaks in the spectrum are distributed in mainly two groups, a 
_ lower one corresponding to gamma energies below 300 keV and an upper one corre- 
sponding to gamma energies between 1100 keV and 1250 keV. There exist also some 
gamma rays which have energies outside these two regions. Those which have energies 
_above 1250 keV are weak, and those which have energies between 300 keV and 1100 
_keV are masked by the Compton distribution due to the strong gamma rays with 
energies in the region from 1100 keV to 1250 keV, even if they are not particularly 
weak. Therefore they cannot be seen in the singles spectrum in Fig. 2. A gamma 
ray with the energy 1003 keV appears, however, in a coincidence spectrum as will 
be discussed later. 

By means of the scintillation spectrometer we have determined the relative inten- 
sities of those gamma rays which give rise to the most prominent peaks in the singles 
spectrum in Fig. 2. Our result indicated that the intensities reported by Murray e¢ al. 

[2] may need some correction. In the present paper we shall tentatively use new 
intensity values which we obtain by multiplying the intensities of Murray e¢ al. [2] 

_ by a function which varies in a fairly smooth way with the gamma ray energy and 

which we choose such that it is equal to one at about 155 keV and that the new 

, intensities shall agree with our intensities for those gamma rays (or groups of gamma 
rays) for which we have been able to determine the intensities. The relative intensities 
obtained in this way are given in Table 1, where the values which we have not deter- 
mined directly are in parentheses. 

The photo-efficiency of our scintillation spectrometer was calculated in a semi- 
empirical way, and the resulting efficiency curve was used in our determination of the 
relative intensities for the most prominent gamma rays in the regions below 300 keV 
and between 1100 keV and 1250 keV. To connect our intensity scales for these two 
energy regions we did not rely on our calculated efficiency curve but used another 
scintillation spectrometer which was calibrated empirically for intensity measure- 
ments and had been used with very satisfactory results. By means of this spectro- 
meter we also checked our relative intensities within the low energy and high energy 
regions and found agreement within ten per cent. This check of our relative intensities 
indicates that they are good to better than 20% which is generally accepted as a limit 
for the accuracy of such measurements, but it is not completely excluded that the 
uncertainty may be somewhat larger. 

To facilitate the discussion of the coincidence spectra which will be given in the 
following section we shall now describe some of the more essential features of the 
singles spectrum in Fig. 2. 

The peak at about 65 keV is due to a strong gamma ray with the energy 68 keV, 
a much weaker gamma ray with the energy 66 keV and several X-rays with energies 
between 58 keV and 69 keV [6]. These X-rays arise because of internal AK conversion 
of essentially the gamma rays of energies 100 keV, 85 keV and 114 keV, probably 
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Fig. 2. The singles gamma spectrum of the gamma rays following the radioactive decay of Ta 
obtained by means of a scintillation spectrometer with a single channel analyzer. The intens 
scales in the regions below 300 keV and above 800 keV are chosen different from each other. The 
arrows indicate the positions of the channel in the different gamma-gamma coincidence spectra. 
The spectrum has been resolved into separate photo-peaks, whose positions were known fron 

the accurate gamma ray energies given by Murray et al. [2], and into a Compton distribution. 
the low energy region the Compton distribution has more or less arbitrarily been chosen horizontal 
(and in the high energy region it may be somewhat underestimated). Because of the unavoidable 
uncertainty of the Compton distribution and of the shapes of the wings of the peaks arising from 
the strong gamma rays, the sizes of the small peaks corresponding to the weaker gamma rays are 
not particularly significant. In so far as the small peak at about 130 keV is significant, it represents 
an addition peak arising from gamma rays and X-rays of approximately half this energy. 


contributing in this order. By comparing the intensities obtained by Murray et al. [2] 
with those obtained directly by us we are led to assume that the total intensity af all 
the X-rays is of the same order of magnitude as the intensity of the 68 keV gamma 
ray. 
The peak at 100 keV is due to a single gamma ray of this energy. 

The peak at about 155 keV is due essentially to two gamma rays with the energies 
152 keV and 156 keV. Furthermore the low-energy wing of a gamma ray having the 
energy 179 keV also contributes somewhat to this peak. The intensity of the 152 keV 
gamma ray is about twice that of each one of the gamma rays with the energies 
156 keV and 179 keV which have roughly the same intensity. 

The peak near 225 keV arises from two gamma rays with the energies 222 keV 
and 229 keV, the intensity of the former one being about twice that of the latter one. 
On the high energy side of this peak there is a bump which is due to a gamma ray 
of the energy 264 keV. 


In the pulse height distribution between 1100 keV and 1250 keV, which arises from 
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Table 1 
ee eg ee ee PIE Aires ee 
Energy Relative Multipole order 

(keV) intensity according to Alaga et al. [3] 


Rare See Os BT OT ES a ee 
58-69 (K X-rays) \ 
66 


260 M1 
68° | El 
85 (8) M1 
100 62 E2 
114 (10) Mi 
152 \ an (35) Bl 
156 (12) El 
179 (15) E2+M1 
198 (7) E2 
222 \ 47 (30) El 
229 f (17) E2 
264 14 2 
960 E3 (+ M2) 
1003 E2 (+ M1) 
1122 120 E2 (+ M1) 
1189 ~25 E3 +M2 
1222 \igp (20) E2 (+M1) 
1231 hoe a (45) E2 (+ M1) 


photo-absorption of high energy gamma rays, the peak at about 1120 keV is due to 


“a single gamma ray with the energy 1122 keV, whereas the peak at about 1225 keV 
_is due to three gamma rays with the energies 1189 keV, 1222 keV and 1231 keV 


which together have an intensity which is slightly larger than that of the 1122 keV 
gamma ray. The intensity of the 1222 keV gamma ray is about twice that of the 1231 
keV gamma ray, and the intensities of the 1189 keV and 1231 keV gamma rays are 
of the same order of magnitude. The Compton processes due to gamma rays in the 
high energy region give rise to the broad peak below 1000 keV. The photo-absorp- 
tion of the previously mentioned gamma ray with the energy 1003 keV also contributes 
somewhat to this broad peak. 


III. The coincidence spectra 


In all our coincidence experiments the strength of the source, the solid angles and 
the exposure time were chosen such that a total number of at least ten thousand 
coincidence pulses were recorded, and that the number of accidental coincidences 
was at most ten per cent of the number of true coincidences. 

When gamma-gamma coincidences were recorded, NalI(Tl) crystals were used in 
both the detectors of the coincidence scintillation spectrometer. When recording beta- 
gamma coincidences, we used an anthracen crystal in the detector which feeds pulses 
to the pulse height analyzer triggering the sweep of the oscillograph, whereas we 
used a NaI(Tl) crystal in the detector which feeds pulses to the Y-plates of the oscillo- 
graph. 

The energy calibration of every coincidence spectrum was derived from that of 
singles spectra obtained photographically on the oscillograph screen before and after 


403 


P, 0. FROMAN, H. RYDE, The decay scheme of Ta'*? 


the exposure of the coincidence spectrum. Because of the long exposure time for the 
coincidence spectrum compared with the exposure times for the singles spectra, there 
is a certain broadening of the pulse height distribution in the coincidence spectrum. 
For our purpose this broadening is of importance only inthe energy region around and 
above 1000 keV, and there a correction has been applied to the original energy calibra- 
tion of the coincidence spectra. This correction was obtained from a comparison of 
all our coincidence spectra with a singles spectrum. In the regions below 300 keV and 
between 1100 keV and 1250 keV the final energy calibration is correct to within about 
three per cent. Those displacements of the peaks in the coincidence spectra relative 
to those in the singles spectrum that are only of this order of magnitude are not_ 
relevant. — 

The resolving power for the coincidence spectra obtained photographically on the 
oscillograph screen is somewhat better than that for a singles spectrum obtained by 
means of a scintillation spectrometer with a single channel analyzer. This fact should 
be kept in mind when comparing the coincidence and singles spectra. In this connec- 
tion we also remark that the coincidence circuit may give rise to some uncertainties 
for the intensities in the coincidence spectra. 

Every whole coincidence spectrum was obtained from three films covering the 
energy ranges 40-120 keV, 80-300 keV and 800-1400 keV. The intensity scales in 
the first two energy regions were joined by means of the height of the 100 keV peak. 
In the figures showing the coincidence spectra the intensity scales for the regions 
0-300 keV and 1100-1250 keV have been chosen independently of each other, and 
the intensity scales for different coincidence spectra are not related to the absolute 
densities of the photographic films. 


A. The gamma rays which are in coincidence with the rays giving rise to the peak at 
about 65 keV in the singles spectrum 


The coincidence spectrum shown in Fig. 3 A is obtained when gamma rays with the 
energies 68 keV or 66 keV or X-rays with energies in the region around 65 keV enter 
the channel of the analyzer in the coincidence spectrometer. The X-rays in this 
energy region are due to internal K conversion of essentially the gamma rays with the 
energies 100 keV, 85 keV (and 114 keV). The intensities in Table 1 and the internal 
K conversion coefficients! given by Murray et al. [2] indicate that the gamma ray with 
the energy 68 keV has roughly the same intensity as the X-rays due to the internal K 
conversion of the 100 keV gamma ray and also roughly the same intensity as the 
X-rays arising from the internal K conversion of the two gamma rays with the ener- 
gies 85 keV and 114 keV. Each one of these three groups of rays may therefore be 
expected to contribute about one third to the intensity of the peak at 65 keV in the 
singles spectrum. This conclusion depends, however, sensitively on the intensities 
and &K conversion coefficients for the 85 keV and 114 keV gamma rays. 

The enhancement in the coincidence spectrum of the 65 keV peak relative to the 
100 keV peak is connected with the strong K conversion of the 100 keV, 85 keV and 


114 keV gamma rays and their coincidence relations to each other and to the 68 keV 
gamma ray. 


* Throughout the present paper we use the theoretical conversicn coefficients given by the 
curves in the paper by Murray et al. [2]. According to recent calculations by Sliv and co- 
workers (published by the Academy of Sciences of the USSR, Moscow-Leningrad 1956) these 
conversion coefficients are, however, somewhat uncertain. 
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keV e 100 keV peak is not quite clear but may be due 
in the ntensities and conversion coefficients (or to expe 
ertainties). The relative heights of the peaks at 155 keV, 179 keV, 225 keV and 
keV in the coincidence spectrum are in reasonable agreement with the proposed 
gram ey intensities in Table 1 and the conversion coefficients given by 
ay ab Ze. 3 ; ; 

in the pulse height distribution between 1100 keV and 1250 keV the coincidence 
ctrum shows a depression at about 1225 keV which may be understood from the 
»posed level scheme and our assumption that the 68 keV gamma ray, the internal 
conversion of the 100 keV gamma ray and the internal K conversions of the 85 keV 
nd 114 keV gamma rays together give roughly the same contributions to the inten- 
ity of the 65 keV peak in the singles spectrum. 
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‘B. The gamma rays which are in coincidence with the 100 keV gamma ray 


Fig. 3B shows the coincidence spectrum which is obtained when the 100 keV 

gamma ray triggers the coincidence spectrometer. 

_ The height of the 65 keV peak in the coincidence spectrum can be compared only 

with that of the strongly depressed 100 keV peak, for the very uncertain height of 

the latter peak has been used to obtain the intensity scale for the 65 keV peak. 

_Therefore the relative heights of the 65 keV peak and e.g. the 225 keV peak in Fig. 3B 

are not significant. 

The small peak at about 100 keV in the coincidence spectrum is due to accidental 

. coincidences of the 100 keV gamma ray and possibly also to the 114 keV and 85 keV 

_gamma rays which are to some degree in coincidence with the 100 keV gamma ray 

‘according to the level scheme in Fig. 1. 

The peak at about 225 keV is enhanced compared with the peak at about 155 keV 

_by an amount which is in agreement with the level scheme in Fig. 1 and the intensi- 
ties in Table 1. 

- The bump due to the 264 keV gamma ray and the valley between the peaks at 155 
keV and 225 keV, to the height of which the 179 keV gamma ray contributes, appear 
in the coincidence spectrum somewhat depressed relative to the 225 keV peak. 

-Qualitatively such depressions are to be expected. 

According to the proposed level scheme the gamma rays giving rise to the pulse 
height distribution between 1100 keV and 1250 keV should appear in the coincidence 
spectrum with the same relative abundances as in the singles spectrum, except for 
the 1222 keV gamma ray which should be missing. This prediction is seen to be 
qualitatively confirmed by the appearance of the high energy region of the coincidence 
spectrum. 


C. The gamma rays which are in coincidence with the gamma rays constituting the 
peak at about 155 keV in the singles spectrum 


The channel in the coincidence spectrometer was adjusted to allow only pulses 
corresponding to the 152 keV and 156 keV gamma rays to enter it. The coincidence 
spectrum thus obtained is shown in Fig. 3C. 

The relative heights of the peaks at about 65 keV and at 100 keV are approximately 
the same in the coincidence spectrum as in the singles spectrum. This result is in rea- 
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cement with the level scheme in iv 
.e K convers given by Murray etal. [2] 

We attribute the very small peak at about 155 keV in the coincidence spectrum to 
accidental coincidences, and we conclude that the 152 keV and 156 keV gamma rays 
are not in coincidence with each other. This result is in agreement with the proposed 

level scheme. — ; 
The peak at about 180 keV, which must be due to the 179 keV gamma ray, is 
more pronounced than the small peak at 155 keV just discussed. Since in the singles 
spectrum the intensity for the 179 keV gamma ray is smaller than the sum of the 
intensities for the 152 keV and 156 keV gamma rays, the peak at about 180 keV 
cannot be due to accidental coincidences. To some degree the 179 keV gamma 
ray is therefore in coincidence with one or both of the 152 keV and 156 keV gamma 
rays. According to the proposed level scheme the 179 keV gamma ray is in fact in- 

coincidence with the 152 keV gamma ray but not with the 156 keV gamma ray. The 
relative heights of the 179 keV peak and the 100 keV peak in the coincidence spectrum — 
and in the singles spectrum are in agreement with what one should expect from the — 

level scheme in Fig. 1 and the intensities in Table 1. 

The ratio of the heights of the peaks at about 225 keV and at about 155 keV is 
approximately the same in the coincidence spectrum as in the singles spectrum. 
Therefore no one of the 222 keV and 229 keV gamma rays can be in strong coincidence ~ 
with the 152 keV or 156 keV gamma rays. We can, however, not exclude the possi- 
bility that a weak coincidence relation of this kind exists, and according to the level 
scheme in Fig. 1 and the intensities in Table 1 this seems actually to be the case. The 
relative heights of the 225 keV and 179 keV peaks in the coincidence spectrum and 
in the singles spectrum are in agreement with this level scheme and these intensities. 

No bump corresponding to the 264 keV gamma ray is observed in the coincidence 
spectrum, and this fact finds support from the proposed level scheme. 

The appearance of the coincidence spectrum in the energy region between 1100 
keV and 1250 keV shows that the 1122 keV gamma ray as well as one or both of the 
1222 keV and 1231 keV gamma rays is in coincidence with one or both of the 152 keV 
and 156 keV gamma rays. About the coincidence relations for the 1189 keV gamma 
ray we can, however, not draw any conclusion from this coincidence spectrum. 
Assuming the level scheme in Fig. 1 to be correct and using the relative intensities 
in Table 1, we find that in the energy region between 1100 keV and 1250 keV the coin- 
cidence spectrum should have the same appearance as the singles spectrum except 
that it should show a somewhat deeper valley between the peaks at about 1125 
keV and 1225 keV. These predictions are in accord with the coincidence spectrum, 


although we cannot say that the previously mentioned valley is significantly depressed 
in this spectrum. 


D. The gamma rays which are in coincidence with the gamma rays constituting the 
peak at about 225 keV in the singles spectrum 


The coincidence spectrum in Fig. 3D was obtained when the pulse height analyzer 
was adjusted to allow only pulses giving rise to the peak at about 225 keV in the 
singles spectrum to enter the channel. The peak is due to the 222 keV and 229 keV 
gamma rays. 

Compared with the peak at 100 keV, the peak at about 65 keV is in the coincidence 
spectrum depressed by a factor somewhat larger than two. In the singles spectrum 
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e peak at about 65 keV is due essentially to the 68 keV gamma ray and to X-rays 
rom the internal K conversions of the 100 keV and 85 keV gamma rays. Since the 
00 keV gamma ray is present in the coincidence spectrum, we therefore conclude 
hat the 68 keV gamma ray or the 85 keV gamma ray or both these rays cannot be 

7 in strong coincidence with either the 222 keV or the 229 keV gamma ray. These 

conclusions are In agreement with the proposed level scheme according to which 

neither the 68 keV nor the 85 keV gamma ray is in coincidence with the 222 keV or 

229 keV gamma rays, except for a weak coincidence of the 85 keV gamma ray with 

the 229 keV gamma ray. The magnitude of the depression of the 65 keV peak relative 

_to the 100 keV peak is also in qualitative agreement with the intensities given in 

Table 1 and the conversion coefficients given by Murray et al. [2]. 

__ The reason for the slight depression in the coincidence spectrum of the 225 keV peak 

relative to the 100 keV peak is not quite clear but may be associated with the uncer- 
tainty in the value adopted for the total conversion coefficient of the 100 keV gamma 

‘Tay or with experimental uncertainties. The relative heights of the 155 keV and 225 
keV peaks in the coincidence spectrum are in agreement with the level scheme in 
‘Fig. 1, the intensities in Table 1 and the reduced branching intensity ratio for the 

1003 keV and 1231 keV gamma rays given by Alaga et al. [3]. 

In the coincidence spectrum the 179 keV, 198 keV and 264 keV gamma rays seem 

to be absent. If the level scheme in Fig. 1 is assumed to be correct, this indicates 
that the intensity of the 960 keV gamma ray is smaller than that of the 1003 keV 

gamma ray. The 960 keV gamma ray should in fact have much smaller intensity 
than the 1003 keV gamma ray, for the 960 keV gamma ray has been classified as 
an £3 (+M2) transition and the 1003 keV gamma ray as an H2 (+1) transition, 

-and furthermore the feeding to the level (2,2 —) is not considerably larger than that 
to the level (2,3+). 

' The 1122 keV gamma ray does certainly not appear in the coincidence spectrum, 
and this fact is in agreement with the proposed level scheme. Furthermore, the energy 
calibration in the high energy region of our coincidence spectrum is very probably 
so good that we may conclude that the peak slightly above 1200 keV is due only 
to one or both of the 1222 keV and 1231 keV gamma rays. The symmetric shape of 
this peak then excludes the possibility that the 1189 keV gamma ray appears in the 
coincidence spectrum. These facts are in agreement with the proposed level scheme, 
according to which the 1231 keV gamma ray is the only one of the 1189 keV, 1222 keV 
and 1231 keV gamma rays that should appear in the coincidence spectrum. 

The shape of the peak slightly above 1000 keV in the coincidence spectrum shows 
that this peak cannot be interpreted only as the peak of the Compton distribution 
corresponding to the photo-peak slightly above 1200 keV. We interpret the 1000 
keV peak as a superposition of a photo-peak and a Compton distribution corre- 
sponding to the 1231 keV photo-peak. This interpretation is also supported by the 

fact that below 1000 keV there is a broad peak which seems to be the peak of the 
Compton distribution corresponding to the 1000 keV photo-peak. The presence of 
a photo-peak at about 1000 keV in the coincidence spectrum is in agreement with 
the proposed level scheme according to which there is one gamma ray at 960 keV 
and one at 1003 keV which are both in coincidence with the 229 keV gamma ray. 
The energy calibration is probably sufficiently good for us to conclude that it is the 
1003 keV gamma ray and not the 960 keV gamma ray that appears in the coincidence 
spectrum. If the level scheme in Fig. 1 is supposed to be correct, this result shows 
that the intensity of the 960 keV gamma ray is much smaller than that of the 1003 
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keV gamma ray. We remark that we have previously arrived at the same conclusion 
in a quite different way. By resolving the pulse height distribution in the high ene 
region of the coincidence spectrum into photo-peaks at 1231 keV and 1003 keV and 
their corresponding Compton distributions one finds by means of the photo-efficiency 
curve for the crystal a rough value for the intensity ratio of these two gamma rays. 
The order of magnitude of this value is in agreement with the value obtained from 
the theoretical reduced branching ratio given by Alaga et al. [3] for the 1003 keV 
and 1231 keV gamma rays. 


E. The gamma rays which are in coincidence with the 1122 keV gamma ray t 

The pulse height analyzer was adjusted to allow only pulses corresponding to 
energies slightly less than 1100 keV to enter the channel. These pulses arise almost 
exclusively from the 1122 keV gamma ray. The coincidence spectrum obtained in this 
way is shown in Fig. 3E. 

The intensity ratio for the peaks at about 65 keV and at 100 keV is slightly enlarged 
(or almost the same) in the coincidence spectrum as in the singles spectrum. This fact: 
is in good agreement with the predictions obtained from the level scheme in Fig. 1, 
the gamma ray intensities given in Table 1 and the conversion coefficients given by 
Murray et al. [2]. 

Assuming the proposed level scheme to be correct and using the intensities in Table 
1 we may expect the ratio of the heights of the 100 keV and 155 keV peaks to be ap- 
proximately the same in the coincidence spectrum as in the singles spectrum. This 
prediction is confirmed by Fig. 3E. 

On the high energy side of the 155 keV peak there is a marked bump in the coinci- 
dence spectrum. It is very natural to attribute this bump to the 179 keV gamma ray. 
According to the level scheme in Fig. 1 and the intensities in Table 1 we expect such 
a bump due to the 179 keV gamma ray and of roughly the same magnitude as is 
actually found. 

The peak at about 225 keV is strongly depressed in the coincidence spectrum, and 
this fact is in complete agreement with the proposed level scheme according to which 
the 222 keV and 229 keV gamma rays are not in coincidence with the 1122 keV gamma 
ray. 

In the coincidence spectrum there appears clearly a peak that must be due to the 
264 keV gamma ray. To a certain degree this gamma ray is therefore in coincidence 
with the 1122 keV gamma ray. This result is in agreement with the proposed level 
scheme. The fact that the heights of the 264 keV and 155 keV peaks have approxi- 
mately the same ratio in the coincidence spectrum as in the singles spectrum is also 
in agreement with this level scheme and the intensities given in Table 1. 

In the region between 1100 keV and 1250 keV the number of (both true and ac- 
cidental) coincidence pulses was found to be of the same order as the number of ac- 
cidental coincidence pulses. Therefore we conclude that no gamma rays with energies 
in this region are in coincidence with the 1122 keV gamma ray. This conclusion, which 
is obviously in agreement with the proposed level scheme, is also supported by the 
fact that in the coincidence spectrum there does not seem to appear any appreciable 
Compton distribution above the peak which is due to the 264 keV gamma ray. 


F. The gamma rays which are in coincidence with the 1222 keV or 1231 keV gamma rays 


The coincidence spectrometer was gated with pulses lying on the high energy des- 
cent of the 1225 keV peak. In this way we selected those gamma rays which are in 
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coincidence with the 1222 keV or 1231 keV gamma rays. The coincidence spectrum 
is shown in Fig. 3F. The counting rate for the trigger pulses was low, and therefore 
the photographic film from which the coincidence spectrum was obtained showed a 
low photographic density with comparatively large statistical fluctuations, especially 
in the energy region between 100 keV and 300 keV. Therefore and also because of 
the uncertainty of the characteristic curve for the photographic film at low photo- 
graphic densities this coincidence spectrum can be used only ina very qualitative way. 
'_ The enhancement in the coincidence spectrum of the 65 keV peak relative to the 
100 keV peak is in agreement with what we may expect from the level scheme in 
Fig. 1 and the intensities in Table 1. 
_ The presence of the 155 keV and 225 keV peaks in the coincidence spectrum in 
proportions that are of similar order of magnitude as in the singles spectrum is 
also qualitatively consistent with what we may expect, but these two peaks are not 
so much enhanced relative to the 100 keV peak as one should expect from the intensi- 


ties in Table 1 and the conversion coefficients given by Murray et al. [2]. The reason | 


for this may be due to experimental uncertainties. 
_ No high energy gamma rays were found to be in coincidence with those triggering 
the coincidence spectrometer. This result also fits into the scheme. 


G. Beta-gamma coincidence spectrum 


It is known that the beta spectrum of Ta1** has a maximum energy of about 0.5 
~MeV, but it has not been possible to resolve this spectrum into its separate beta 
components [1]. Despite of the incomplete knowledge about this beta spectrum one 
may obtain some information about the level scheme of W1®* by studying beta- 
gamma coincidences in the decay of Ta!®?. For this purpose the position and the 
width of the channel in the pulse height analyzer, which in this case receives pulses 
from an anthracen crystal detector, are best chosen such that the analyzer selects 
preferably the most energetic beta components. To reduce the relative amount of 
back-ground of gamma-gamma coincidences due to Compton absorption of the high 
energy gamma quanta in the anthracen crystal and also to get a sufficiently high 
coincidence counting rate it is desirable to set the channel sufficiently much below the 
endpoint of the beta spectrum, but at the same time care should be taken that the 
low-energetic beta components shall not enter the channel appreciably. The channel 
was adjusted such as to fulfil as well as possible these two contradictory require- 
ments, and then the channel seemed to accept electrons of energies lying roughly 
between 0.25 MeV and 0.35 MeV. Therefore it was expected that the beta component 
to the level (4,4 — ) was essentially excluded from entering the channel while the other 
beta components preferred to enter it in proportions that increased rapidly with the 
energies of the beta components. The coincidence spectrum thus obtained is shown 
in Fig. 4a. The exposure was then repeated with the same exposure time and the same 
geometry but with the only change that a beta absorber of perspex (2.0 mm thick) 
was placed between the radioactive source and the anthracen crystal. In this way we 
obtained a coincidence spectrum showing the gamma rays that are in coincidence 
with the Compton back-ground mentioned above!. This coincidence spectrum is 
shown in Fig. 40 where the relative intensity scales are the same as in Fig. 4a. By 
subtracting the spectrum in Fig. 4b from that in Fig. 4a we obtain a pure beta-gamma 


1 The secondary effects in the perspex absorber are expected to be fairly unimportant. 
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Fig. 4. Experimental results concerning the beta-gamma coincidences. 


coincidence spectrum. This spectrum, shown in Fig. 4c, willin the following be referred 
to simply as the beta-gamma coincidence spectrum. It is to be compared with th 
singles gamma spectrum in Fig. 4d. 

The fact that the Compton distribution is present in Fig. 4a but not in Fig. 46 shows 
that one or more of the beta components selected by the channel are in coincidence 
with one or more of the gamma rays in the high energy region and that no high- 
energetic gamma rays of appreciable intensities are in coincidence with each other. 
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enchancement in the beta-gamma Pigelithite spectrum of th ; 
ive to the 100 keV peak is in agreement with the suggestion by Murray tal. | 
the beta Potinerts feed only the levels with excitation energies : 
[eV in the level scheme of W182 and that the intensity of the beta component to — 
vel (2,2 —) is larger than that of the beta component to the level (2,2 +). Part of 
enhancement may also arise because a possible beta component to the level 
.,3—) might enter the channel to some extent. 

n the beta-gamma coincidence spectrum the pulse height distribution in the region 
ween 100 keV and 300 keV is much depressed with respect to the 100 keV peak. 
slight presence of the 155 keV and 225 keV peaks may be due partly to accidental 
incidences and partly to possible beta components to the levels (2,3 —) and (2,3 +). 
‘The very probable absence in the beta-gamma coincidence spectrum of a bump 
corresponding to the 264 keV gamma ray may be interpreted as supporting the pro- 
ip posed level scheme and as providing a check that the beta component feeding the 
level (4,4 —) did not enter the channel appreciably. According to the level scheme the 
keV gamma ray should also be absent in the beta-gamma coincidence spectrum, 
and the appearance of this coincidence spectrum is consistent with this prediction. 
E In the high energy region of the beta-gamma coincidence spectrum there is a de- 
‘pression of the pulse height distribution at about 1225 keV. This fact is in agreement 
with the proposed level scheme according to which we may expect the 1231 keV 
gamma ray to be puppresaed in our beta-gamma coincidence spectrum. 
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